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Designing a multi-epitope vaccine against Mycobacterium tuberculosis by immunoinformatics approach
CAO Yu-ting, WU Xue-han,NING Yu,MENG Xiang-ying,QIAQO Jin-juan (Department of Medical La-
boratory Science ,Weifang Medical University sWeifang 261053, Shandong sChina) * ™"

Objective To screen potential epitopes from the highly active binding peptides (HABPs) of Mycobacteri-
um tuberculosis (Mtb) and construct a multi-epitope vaccine based on HABPs.  Methods The immunogenicity, toxicity .
allergenicity and potential B- and T- cell epitopes of HABPs were predicted by immunoinformatics approach. A multi-
epitope vaccine was constructed by connecting the selected HABPs with the adjuvant.cholera toxin B subunit. Then the
secondary structure and physicochemical properties of the construct were analyzed. The tertiary structure of vaccine pro-
tein was predicted using an online F'TASSER server,and the structural quality of the refined model was verified by PRO-
CHECK,ERRAT and ProSA-web software. The designed multi-epitope vaccine protein was submitted to PatchDock
server for molecular docking with TLLR4. Finally,codon optimization,in silico cloning and immune simulation of the vac-
cine were carried out.  Results In this study,32 HABPs were selected to construct the multi-epitope vaccine, which con-
tained 881 amino acid residues. The secondary structure was composed of 43. 93% helix, 13. 62% beta-strand, and
42.45% coil. The average values of instability index (1I) ,aliphatic index and grand average of hydropathicity were 45. 34,
84.09 and —0. 009, respectively,indicating that the vaccine has a flexible and stable spherical conformation and a hydro-
philic structure. Ramachandran plot showed that more than 90% residues of the multi-epitope vaccine lay in the favoured
and additional allowed region,the overall quality factor evaluated by ERRAT is 74. 39,and the Z score is —5. 94, indica-
ting that the model of the vaccine construct was reliable. A stable interaction of the vaccine with TLLR-4 was confirmed by
molecular docking. The codon-optimized vaccine could be efficiently expressed in Escherichia coli. The immune simula-
tion showed that the second and third immunization stimulated a stronger immune response than the primary immuniza-
tion. In addition,the multi-epitope vaccine could induce the secretion of high-level cytokines.  Conclusion In this study.

a multi-epitope vaccine based on HABPs was constructed by immunoinformatics tools. The designed vaccine is expected
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to trigger both humoral and cellular immune responses and would be a promising vaccine candidate against Mtb infection.

However,the exact safety and immunogenicity profile of this vaccine needs to be verified experimentally.

QOGO B Mycobacterium tuberculosis ; immunoinformatics; vaccine; epitope
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Table 1 B-cell, HTL and CTL epitope prediction of HABPs
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score

TGMAALEQYLGSGHAVIVSIH"! Rv1268c 0.74 HLA-DQAI1 * 05:01/DQB1 * 0301 76 A2
LIGIPVAALIHVYTYRKLSGG Rv2560 0.66 HLA-DRB5 % 01:01 49 A3;B7
VGFGPDYQTGGALLAWLTAA Rv1510c¢ 0.92 HLA-DQA1 * 05:01/DQB1 * 0301 121 A2
TLTRAPLLVPLSAMQGNLIAY'" Rv1510¢ 0.52 HLA-DRBI * 0701 178 A2;B7
GVRRGTDLMLYALVMAFSFT! Rv3632 0.59 HLA-DRBI * 07:01 207 A3;B7
TLSTYMRFKDLELRYARIAR Rv3632 0.61 HLA-DRBI * 01:01 243 A2;A3
IDALVGAGLDRKDIRTTRVTY"? Rv3623 0.85 HLA-DRBI * 0901 268
YAGAGRRQRRRRSGDGQWRLRQ! PE9 0.89 HLA-DRBI * 11:01 175
YGTGVFRRRRGRQTVTAAEHRA' PE9 0. 84 HLA-DRBI * 11:01 168 A3;B7
LSVMAIFYLRLPATFGIGTY ! Rv3494c 0.55 HLA-DRB1 * 1101 170 A2;A3
GANNKIAFDRIDERLVVVGLY' Rv0679¢ 0.72 HLA-DRB1 * 1101 475 A2
YKNGDPTIDNLGAGNRINKE! Rv0679¢ 0.77 HLA-DQA1 * 05:01/DQBI * 0301 644
AEILVKYAQLADKRARVY VL RV1490 0.72 HLA-DRBS % 01:01 541 A2
YVSAVPVRTFFAELRGNLAL RV1490 0.66 HLA-DRB5 * 0101 121 B7
GATRRICTALAIGPGTVSVLY"" RV1490 0.8 HLA-DQA1 * 05:01/DQB1 * 03:01 79 A2;B7
PEIEQPPSRRNVQVFVCVVLY'" RV1490 0.79 HLA-DRBS5 * 01:01 1440 A3
ATAAPKTYTEELKGTDTGQA Rv1980c 0. 86 HLA-DQAL * 05:01/DQB1 * 03:01 1062 B7
CQIQMSDPAYNINISLPSYY'® Rv1980¢ 0.85 HLA-DRB1 * 11,01 225 A2;A3
GVAELVGAQVISTDDVRRRL' Rv2004c 0.56 HLA-DQA1 * 05:01/DQBI * 0301 111
AHLSDPSGGHAEPVVVMRRY"" Rv2004c 0.72 HLA-DQAL * 05:01/DQBI * 03:01 120
ILDSASNQHYSSRAAAAAYCH Rv2969¢ 0.76 HLA-DQA1 * 05:01/DQB1 * 03:01 63 A3
ATVVAGCSSGSKPSGGPLPDY?! Rvl4llc 0.79 HLA-DQA1 * 05:01/DQB1 * 0301 92 A3
TTNPTAATGNVKLTLGGSDIY!'?! Rvl4llc 0.59 HLA-DQA1 * 05:01/DQBI * 0301 265 B7
IAPGSGSTADGQTPAGGHSVY!'? Rvl91lc 0.74 HLA-DQAI1 * 05:01/DQB1 * 0301 106 B7
LVVALGGCGGGGGDSRETPPY! Rv1911c 0.92 HLA-DQA1 * 05:01/DQB1 * 0301 110
GANVAPPLTWSSPAGAAELAY''?] Rv1911c 0.63 HLA-DQA1 * 05:01/DQB1 * 03:01 78 B7
YVPKATTVDATTPAPAAEPL!? Rv1911c 0. 81 HLA-DQAL * 05:01/DQB1 % 03:01 260 B7
CSSNGARGGIASTNMNPTNPY!? Rv2270 0. 82 HLA-DQA1 % 05:01/DQB1 * 0301 26
TASPGAASGPKVVIDGKDQNY! Rv3763 0. 84 HLA-DQA1 * 05:01/DQB1 * 0301 59
LITSRRQRKSAPARISGDRI!M?! Rv3166¢ 0.61 HLA-DRBI * 1101 307 A3
ESPAPSARSESLARAAEIGLY!® Rv3166¢ 0. 84 HLA-DQA1 * 05:01/DQB1 * 0301 231 B7
DVFSAVRADDSPTGEMQVAQY'" Rv2536 0. 81 HLA-DQA1 * 05:01/DQBI * 03:01 816 B7

TE  RARER S HABPs AL & W57 CTL RALF51.
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Fig.1 Secondary structure predictions of vaccine construct
using PSIPRED

3 BRABER 3D EB N K IEHIE

ffi /| T"TASSER R 55 #% 1 £ 38 457 32 ¥ &5 1 Y
3D FEAL, FE T A R 5 A e LB AL Rk B C EH o —
1.68.TM Hi il fff Jy 0. 51 £ 0. 15, RMSD i illl {&
12,84, 2A MREAE (| 2A) 471k, & 2B &R Y



« 1002 -

T E B R AE M F EE
Journal of Pathogen Biology

2022 4 09 55 17 55 09 A
Sep. 2022, Vol.17,No. 09

J& ModeRefiner Lt J5 A, RMSD fH )y 1. 602,
TM {2 0. 9787 (TM K T 0. 5 K WIB AL B A IE i
BN EERY) . i 3T GalaxyRefine AR 55 % X 55 B i3 —
AL 15 B e L R R 250 (| 2C), @ it PRO-
CHECK.ERRAT & ProSA-web X # R i & i 17 iF
#fr . PROCHECK #i i i Ramachandran & 7=, &
FATREW P 81, 1% By & K R AR 3 A T A% O X 8K
13. 4% T ARVFX 2. 5% T REAVFIX 3. 0% T
A ARV (E 2D) A7 T8 O X A ARV XA & 3L R L
IR T 90% AR LR 3D A LA, ERRAT
PEAG 75 21 1) 2 44 5T 5 168 74. 39 (&l 2E) , ProSA-
web BAFEPEAL Z 85 —5. 94 (& 2F) , £ WAL % 3D

il WﬂllmﬂilmwdmHltmﬂl}mw@{m wml]m@ﬁ;'"m‘lm mmm M,

20 40 60 8 100 120 140 80 200
Residue # (window center)

60 280 300

A T-TASSER [RS8 3D BEEL B Mode-
Refiner LG BUEERL  C  GalaxyRefine ik G AL EIZE Ry D 1k
AL )G B 45 F ) Ramachandran B E 4L 5 HE B 5 #0 ) ERRAT
F AL RS RL 544 1Y) 2459 5%

B2 ZEE@&ELBMEALITEDN

A The final 3D model of the multi-epitope vaccine obtained after
homology modeling on F'-TASSER B The refined model obtained via
ModeRefiner C The refined 3D structure by GalaxyRefine D Val-
idation of the refined model with Ramachandran plot E ERRAT F

Z-score

Fig.2 Protein modelling, refinement and validation
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Fig.3 Molecular docking of the multi-epitope vaccine
protein with TLR-4

- EcoRV (279)
A B

B4 RUEBFHETESME(A)F pET28a- S RAKHE
BEREHRIZHEKEL(B)
Fig. 4 The relative adaptiveness of the adapted codon(A) and the map of
recombinant expression vector pET28a-multi-epitope vaccine protein(B)
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Notes: Immunoglobulin (sub-divided per isotype) production in re-
sponse to antigen injections (A). The evolution of B-cell (B),T-helper
(C) and T-cytotoxic cell (D) populations per state after the injections.
The resting state represents cells not presented with the antigen while
the anergic state characterizes tolerance of the T-cells to the antigen due
to repeated exposures. (E) Concentration of cytokines and interleukins
after the injections,and the insert plot shows 1L-2 level with the Simp-
son index D.

Fig. 5 Immune simulation results of the multi-epitope vaccine

by C-IMMSIM server
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